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Initially, more current is needed to increase the temperature 
of the beater element 1-/ A* the temperature begins hi 
kiocaic the current tan be decreased until both the current 
and temperature levels achieve a steady state balance. 

Ramming to FIG. 15. when tee current peaks (step 104), 
the ECU 3 will store the measured current value (step 106) 
and the time it cook to reach the peak current (step 108). 
These values ate then compared to presto red threshold limits 
(steps 110-112) to detect a fault (step 124) if the measured 
current is too high or the heater element 1-/ takes too long 
to beat np. Upon the detection of a fault, a malfunction 
indicator light is turned on step 126). and the cold start 
apparatus 1 is bypassed in favor of portion injection opera- 
tion (step 128). 'Rlit process protects the beater element 1-/ 
from overbesfiag or havtog a dangerous over current con- 
cfitko. 

In a similar manner, the steady state current level is 
compared to a prestored threshold level to detect any fault 
conditions and avoid operation of the heater element 1-/ 
during cold start idle, if the steady slate current is out of 
bounds {Steps 114-118). The measured steady state current 
value is compared to expected values based an several 
engine operating parameters, including fuel flow rale, ambi- 
ent air tempera toe. mass air flow rate and engine vacuum. 

Lastly, after the idle period during cold start, (be ECU 3 
checks thai the cold start injector 1-d has ceased emitting 
fae! and that the idle speed control valve 1-b has closed. If 
these operaiious have proceeded properly, the ECU 3 returns 
to normal engine operation routines (step 130). Otherwise, a 
fault is indicated (steps 124-128). 

FKJS. tS-23 disclose another embodiment of the present 
invention that provides for mora pracise idle air Sow control 
to the cold start apparatus 1. The embodiment in FIG. 18 is 
similar to tin embodiment shown in FIG. 1. However, PIG. 
18 farther disclose* a cold start apparatus 1 bavins an idle 
air inlet I -a connected to the air passageway 22 adjacent to 
but downstream of the location of the throttle 9 when it is in 
a closed position (indicated by the vertical dotted line 
depiction of the throttle plate In FIGS. 18 and 19). la ibis 
embodiment, the throttle 9 is located within a tapered bore 
20that in part covers the opening of the idle air inlet 1-n. The 
capered bore 20 is dimensioned to provide a seal about the 
throttle 9 for about 20% of its rotational travel. In this 
arrangement air is blocked, from traveling downstream of 
the throttle 9 until it has opened about 10%. 

The area of the tapered bore 20 that covers the opening to 
the idle air inlet 1-a further contains an air flow bole or 
plurality of air flow holes 21 as shown in the views in FIGS. 
20-23. The views in FIGS. 20-23 are a cross-sectional 
views of the tapered bore 20 looking into the idle air Inlet 
l a, taken along the line A — A in FIG. 19. 

At shown in FIGS. 20-23, the shape of each air flow bole 
21 is designed to allow for increased air flow as the throttle 
9 ts opened. For example, as the throttle 9 rotates open, the 
exposed area of the air flow hole 21 is increased (from left 
to right in the diagrams) thereby allowing for increased air 
flow into idle air inlet 1-a. Different design shapes or 
numbers of air flow holes 21 allows far varying air flow 
control to the cold start apparatus 1, As can be appreciated, 
increased air Sow controllability provides improved engine 
idle {lability, especially in large bore throttle bodies and/or 
large displacement engines. 

Advantageously, (be tapered bore 20 of the present inven- 
tion provides sufficient control of the air flow to the cold 
start apparatus 1 such that the need for another air Bow 
control device (such as idle speed control valve 1-b) may be 
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eliminated. In addition, by directing a larger amount of idle 
air to the cold start apparatus 1, cold start emissions can be 
reduced through improved vaporization even a) high fuel 
flow rates. Ibis can decrease catalytic converter light-off 
S time and reduce emissions without sacrificing tow speed idle 
stability. 

Although the present invention has beta described in 
detail with particular reference to preferred embodiments 
thereof, it should be understood that the invention is capable 

10 of other and different embodiments, and its details axe 
capable of modifications in various obvious respects. As is 
readily apparent to those skilled in the art, variations and 
'modifications can be affected while remaining within the 
spirit sod scope of the invention. Accordingly, the foregoing 

IS disclosure, description, and figures are for illustrative pur- 
poses only, and do not in any way limit the invention, which 
is defined only by the claims. 
What ie claimed: 

1. A cold start apparatus for vaporizing fuel before it is 
20 supplied to a cylinder of a multi-cylinder internal combus- 
tion engine having a fuel supply, and an air intake passage- 
way having a throttle valve comprising a pivotaOy secured 
throttle plate disposed therein, said cold start apparatus 
comprising: 

25 a housing QuidJy oouptod on acre cad to the air intake 
passageway downstream of the location of the throttle: 
a cold start fuel injector having an outlet and disposed in 
said housing; 

30 an idle air conduit fluidly coupled on ooe end to the ai 
intake passageway, and fluidly coupled on the otoer end 
to said bousing for delivering air adjacent to the outlet 
of said cold start fuel injector for intermixing sir with 
fuel ejected from said cold start fuel injector, and 

as a bearing chamber having a longitudinal lumen aod dis- 
posed at the outlet of said cold start fuel injector for 
vaporizing the air-fuel mixture before it is delivered to 
the engine cylinder, wherein said heating chamber 
includes of a plurality of separately controlled inde- 

40 pendent heating element sections to vary the tempera- 
ture across the heating chamber. 

2. A cold start apparatus according to claim 1 further 
comprising an idle air control valve for controlling the 
amount of air delivered to said noosing. 

45 3. A cold start apparatus according to claim 1 wherfin s»kl 
idle air conduit is fluidly coupled to (he air intake passage- 
way upstream of the throttle valve. 

4. A cold start apparams. according to claim 1 wherein the 
throttle plate is disposed in a tapered bore within the air 

so intake passageway. 

5. A cold start apparatus according to claim 4 wherein said 
tapered bore further comprises at least one aperture adjacent 
to and downstream of the throttle plate when the throttle 
plate is to a closed position, and said idle air conduit being 

55 fluidly coupled through said aperture to said sir intake 
passageway as me throule plate Is rotated open passed said 
aperture. 

t, A cold start apparatus according to claim 1 wherein said 
heating chamber further comprises a spiral deprcs&ioo. 

SO within said lumen to effect the air-fuel mixture passing 
through the heating chamber to flow in a drcaitously 
swirling fashion therethrough. 

7. A cold start apparatus according to claim 1 wherein said 
beating chamber further comprise* a heated surface config- 

65 ured in the shape of a corkscrew, and disposed within said 
lumen to cause fluid passing through said lianeo ki Sow in 
a circuitocsly swirling fashion therethrough. 



07/12/2001 14:33 G!JK D ' KRflSS ET flL * 170330S7749 NO. 397 D03 




13 14 

8, Acoid &art apparsW according to claim I wherein ssud supplying the vaporized air-fuel mixture to the mgfee 

j beating chamber further comprises an inner surface made of cylinders whea the engine is started; and 

a he& conductive material. switching from flic! sup-plied by the ccld start Injector to 

j . *. A cold start apparatus according, to claim 1 further fuel sppplied by the plurality of fuel injectors after mo 

comprising an electronic control unit for controlling the 5 engine reaches a pre-eitablished threshold measured by 

j operation of said cold start apparatus, said electronic control temperature or time . 

unit being responsive to at least the engine temperature and is. A method for reducing automobile exhaust emisrionB 

to the amount of current used by said beating chamber. according to claim 14 further comprising the step of sus- 

1ft A cold stat apparatus for vaporizing fuel before it it pealing power to the heater while the engine is being 

supplied to a cylinder of a multi-cylinder internal combus- id Hanked during engine start up. 

hoc engine having a fuel supply, and an air intake passage- a method for reducing automobile exhaust emissions 

way having a throttle valve comprising a pivo tally secured according to claim 14 further comprising me step of retard. 

itroille plate disposed in a tapered bare within the air intake bg the engine's spark until fee engine tomperatoxe reaches 

passageway, said cold start apparatus comprising: about 60° C. 

a housing fiddly coupled on one end to the air intake " 17. A method for reducing automobile exhaust emissions 

[ passageway; according to claim 14 further comprising the tfep of dis- 

a cord start fuel injector having an outlet and disposed in continuing power to the beater after switching from said 

: gaid housing; cold start fuel injector to said plurality of fuel injectors. 

' an idle ah* conduit fluidly coupled on one end to the air 18. A method for reducing automobile exhaust em«ssk»i 

- intake passageway, and rliridiy coupled on theotherend 20 according to claim 14, further comprising the step of clean- 

to said housing for delivering air adj acent to the outlet in « deposits off the heater by momentarily spraying fuel on 

sfi of said raid staittelmiector fa tote beater from the cold start fuel injector. 

£1 fuel e^Oed from said cold start fuel injector, and 19. A method for reducing an tone bile exhaust tuamons 

r, a beating chamber Having a longittidinal lumen andcu> * *™ » comprismg the s^ of 

yj posed at the outlet of said cold start fuel injector for * Vrnzoasfy suspending the fuel suppled from the port feel 

>: vaporimg the air-fuel mixture before it is delivered to »JJ e ^f b J an substnntraDy equal to the fuel sup. 

W tbe^ogine cylinder ^ *y toe cold start fuel injector. 

k wh^ ta^ed b^m said ah mt^pass^ay ^t^U^^ T~tZ 

M STTcSd position, and'said idle ah conduit Sing ~*«* *? *" *** * "* 

j fluidly coupled torough said aperture tosnd air totrdo, ^ ^lofrc^'cug automobile exhaust emissions 

fa " 0Pen ^v^SSf^f ^^ T%t* at 

£ 11. A cold start apparatus according to claim 10 whereto 35 measuring the amount of current used by the neater after 

P said txatcr chamber further comprises a spiral depression the beater has reached a steady state, terniwatore; 

! y within said lumen to effect fee air-fuel mixture passing comparing the measured steady state current level to a 

r'"\ through said beater chamber to flow in a circuitously swirl- preset threshold current level; and 

jssa. tog fashion therethrough. ^ triggering a malfunction Indicator if the measured steady 

12. A cold start apparatus according to claim 10 wherein state current level is different from fee threshold current 

jjLi: said heater chamber further comprises a heated surface leveL 

configured in the shape of a corkscrew, and disposed within 22, A method for reducing automobile exhaust emissions 

said lumen to cause fluid passing through said lumen to flow according to claim 14 further comprising toe step of limiting 

in a circuitously swirling fashion tharethrougn. ^ the amount of air to be mixed wife fee fud by controlling fee 

15. A cold start apparatus according to claim 10 further rotational position of the throttle, 
comprising a n electronic control unit for controlling the 23. A method for reducing automobile exhaust emissions 
cperawa of said cold dan sppLraiD^, said electronic control according to claim 14 wherein the heator contains a plurality 
unit being responsive to at least the engine temperature and of separate beater elements, said method further comprising 
to fee amount of current used by said beater chamber. J0 the stop of varying the power to the separate beater dements 
14. A method for reducing automobile exhaust emissions to effect different temperatures in the different heater ele- 
cting fee cold stnrt of a multi-cylinder internal combustion meats. 

engine having a fuel supply, a plurality of fuel injectors 24. A method for reducing automobile exaaasl emissione 

located adjacent to separate engine cylinders, a cold start according to claim 14 wherein the air-fuel mix tore is passed 

; fuel injector and heater, having a plurality of separately 5J over toe heater in a circuitously swirling fashion with 

' controlled independent beating element sections, fluidly respect thereto. 

j coupled to fee engine cylinders, and an air passageway 25. A method for reducing automobile exhaust emissions 

! having a pivotaUy secured throttle valve disposed therein, during fee cold start of a muld-cylinder Internal combustion 

| said method comprising fee steps of: engine having a fuel supply, a plurality of fuel injectors 

initiating power to fee heater for a period of time before ^ located adjacent to separate engine cylinders, a cold start 

fee engine is started; fuel injector and heater fluidly coupled to fee engine 

supplying fuel to fee engine cylinders through the cold cylinders, and an air passageway having a pivoially secured 

i start injector: * throttle valve disposed therein, said method comprising the 

raising the fuel from the cold start injector with air to * te P* 

! produce an air-fuel mixture; 65 initiating power to the beater fee a period of time before 

passing said air-fuel over said healer elemen is to cause the the engine is started; 

fuel to be vaporized; supplying fuel through fee cold start injector; 
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mixing the fuel from (be cold sun injector with air to 

produce an air-fuel mixture: 
pawing said air-fuel mixture over the beater to cause the 

fad to be vaporized; 
supplying toe vaporized air-fuel mixture to the engine 

cylinders when the engine is started; 
switching from fuel supplied by the cold start injector to 

fuel supplied by the plurality of fuel injectors after the 

engine reacbos a pre -eKtablis bed threshold measured by [0 

temperature or time; 
discontinuing power lu the heater; and 
cleaning deposits off the healer by momentarily spraying 

fuel on the beater from (be cold start fuel injector, 

26. A method for reducing automobile exhaust emissions 15 
according to claim 25 further comprising the step of simul- 
taneously suspending the fuel supplied from the port fuel 
injectors by an amount substantially equal to the fuel sup- 
plied by the cold start fuel injector during the step of 
cleaning deposits of the beater. 2* 

27. A method for reducing automobile exhaust emissions 
according to claim 25 further comprising the step of retard- 
ing the engine's spark until the engine temperature reaches 
about 60° C. 

2& A method for reducing automobile exhaust emissions 25 
according to claim 25 further comprising the step of sus- 
pending power to the heater while the engine is being 
cranied during engine start up. 

29. A method for reducing automobile exhaust emissions 
according to claim 2$ wherein said step of switching from sc 
fuel supplied by the cold start injector to fuel supplied by 
each of the port injectors after the engine reaches a tern, 
pcraiure of about 60° C. 

30. A method for reducing automobile exhaust emissions 
according to claim 25 further comprising the step of limiting 35 
d>e amount of air to be mixed with the fuel by controlling ibe 
rotational position of the throttle. 

31. A method for reducing automobile exhaust emissions 
during the cold start of a multi-cylinder internal combustion 
engine having * fuel supply, a plurality of fuel injectors « 
located adjacent to separate engine cylinders, a cold start 
fbel injector and heater fiutdly coupled to the engine 
cylinders, and an air passageway having a pivo tally secured 
throttle valve disposed therein, said method comprising die 
steps of: 45 

initiating power to the heater for a period of time before 

the engine is started, 
supplying fuel through the cold start injector. 
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mixing the fuel from the cold start injector with air to 
produce an air-fuel mixture; 

passing said air-fuel mixture over the beater to cause the 
fuel to be vaporized; 

supplying the vaporized air-fuel mixture to the engine 
cylinders when the engine is sianed; 

switching from fuel supplied by the cold start injector to 
fuel supplied by the plurality of fuel injectors after the 
engine reaches a pre^stablisbcd thie&boic measured b y 
temperature or time; 

measuring the maijmnm amount of current used to ini- 
tially power the heater, 

compiling the measured maximum current to a pn&set 

threshold current level; and 
triggering a malfunction indicator if the measured maxi- 
mum current is different from the threshold current 
level. 

32. A method for reducing automobile exhaust emissions 
according to claim 31 further comprising the steps of. 

measuring me amount of current used by the heater after 
the heater has reached a steady state tsnjpcrstare; 

comparing the measured maximum current Jo S preset 

threshold current level; and 
uiggering a malfunction Indicator if the measured steady 

state current level is diffnent from the threshold current 

level 

33. A method for reducing automobile exhaust emissions 
according lo claim 31 further comprising toe step of sus- 
pending power to the haater while the engine is being 
cranked dining engine start up. 

34. A method for reducing automobile exhaust emissions 
according to claim 31 wherein said stop of switching from 
fuel supplied by the cold start injector to fuel supplied by 
each of the port Injectors after the engine reaches a tem- 
perature of about 60° C 

35. A method for reducing automobile exhaust emissions 
according to claim 31 further comprising the step of limiting 
the amount of air to be mixed with the fed by controlling me 
rotational position of the throttle. 

S6. A method for reducing automobile exhatsl emissions 
according to claim 31 further comprising the steps of 
discontinuing power to the heater and cleaning deposits off 
the beater by momentarily spraying fuel on die beater from 
the cold start fuel injector, 

• * • * * 



